
ANL/ES-138 

INLTechnical Library 

PLEASE RETURN TO 
MFC BRANCH LIBRARY 

146027 

Feasibility of Developing 

Low-Power, Low-Current Methane Sensors 

for the Intrinsically Safe Mine Monitoring System 

J. R. Stetter, W. R. Penrose, S. Zaromb, and A. F. Cohen 

prepared for 
U. S. Bureau of Mines 

ARGONNE NATIONAL LABORATORY 

Energy and Environmental Systems Division 

TECHNICAL PUBLICATIONS 

operated by DEPARTMENT 
THE UNIVERSITY OF CHICAGO for U. S. DEPARTMENT OF ENERGY 

under Contract W-31-109-Eng-38 

Digitized 
06-04-09 

H 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United 
States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, com
pleteness, or usefulness of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific com
mercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof. The views and 
opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency 
thereof. 

Printed in the United States of America 
Available from 

National Technical Information Service 
U. S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22l6r 

NTIS price codes 
Printed copy: A03 
Microfiche copy; AOl 



ANL/ES-138 

ARGONNE NATIONAL LABORATORY 
9 700 South Cass Avenue 
Argonne, Illinois 60439 

FEASIBILITY OF DEVELOPING 
LOW-POWER, LOW-CURRENT METHANE SENSORS 

FOR THE INTRINSICALLY SAFE MINE MONITORING SYSTEM 

by 

J.R. Stetter, W.R. Penrose, S. Zaromb, and A.F. Cohen* 

Energy and Environmental Systems Division 
Geochemistry Section 

June 1983 

work sponsored by 

U.S. BUREAU OF MINES 
Pittsburgh Research Center 

*U.S. Department of Interior, Bureau of Mines, Pittsburgh Research Center. 





CONTENTS 

EXECUTIVE SUMMARY V 

ABSTRACT 1 

1 INTRODUCTION 1 

2 LITERATURE SURVEY 3 

2.1 Coimnercial Literature 3 

2.2 Scientific and Patent Literature 3 

3 APPROACHES TO DEVELOPING A LOW-POWER, LOW-CURRENT SENSOR 5 

3.1 Electrochemical Cells with Catalysts 5 
3.2 Direct Electrochemical Oxidation 5 
3.3 Reconfiguration of Present Hot-Wire Sensors 6 
3.A Low-Power Metal Oxide Catalysts 7 
3.5 Other Solid-State Approaches 8 
3.6 Duty-Cycle Approaches 9 
3.7 Other Methods 11 

4 RECOMMENDATIONS AND CONCLUSIONS 13 

4.1 Direct Electrochemical Detection of Methane 13 
4.2 Reconfiguration of Present Hot-Wlre Sensors 13 
4.3 Combined Electrochemical and Solld-State Sensors 14 

5 REFERENCES 15 

APPENDIX: FIRMS PRODUCING OR DISTRIBUTING SENSORS OF POSSIBLE 
INTEREST TO ISMMS '. 17 

ill 



TABLES 

1 Methane Sensors for the Bureau of Mines ISMMS ^ 

2 Search Profile for Solid-State Electrochemical Methane Sensors 3 

FIGURES 

1 Typical Responses of a Commercial Araperometrlc Electrochemical 
Sensor to 2.4% Methane in Air at 20°C, with and without a 
Heated Platinum Filament Precatalyst 6 

2 Flow Rates of Air Necessary to Remove 0.024 W of Power Dissipated as 
Heat with Incoming Air at 20°C 8 

3 Response Characteristics of Metal-Oxide-CaCalyst 
Sensors Optimized for Carbon Monoxide and Methane 9 

4 Configuration of a Hypothetical Low-Power Metal-Oxide-Catalyst 
Sensor 10 



EXECUTIVE SUMMARY 

The commercial, scientific, patent, and technical literature has been 

surveyed to determine (1) if any existing methane sensors satisfy the Bureau 

of Mines (BOM) criteria for the Intrinsically Safe Mine Monitoring System 

(ISMMS) and (2) if such sensors do not exist, if it is feasible to produce 

them given present technology. 

The ISMMS requirements for very low current and low power consumption 

eliminated some sensors and sensing modes that otherwise satisfied the 

criteria. Reconfiguration of some existing sensors could bring them within 

the ISMMS limits for power consumption (maximum of 16 mA at 8-18 V dc); 

however, the literature revealed no attempts by industry to reduce power 

dissipation to such low levels. Recent laboratory studies at Argonne National 

Laboratory and elsewhere suggest that developments in electrochemical 

technology could provide a basis for the design of very-low-current electro

chemical sensors for methane. 

The two major conclusions of this study are that (1) no device now 

available, in either the conmiercial or the development stage, can meet the 

ISMMS criteria and (2) given the present state of knowledge, devices that can 

meet ISMMS specifications probably can be developed in the near future. 

The choice of the several possible approaches to sensor development 

should be based on analysis of risks and benefits. The three types of 

approaches recommended for further investigation are: 

1. Direct Electrochemical Detection. Sensors employing this 

detection mode, although not commercially available, are 

considered feasible, based on literature data and ANL 

research. The potential of such sensors can be 

investigated quickly and inexpensively. 

2. Reconfiguration of Present Hot-Hire Sensors. There is no 

evidence that industry has attempted to minimize the 

current consumption of present hot-wire devices. This 

report discusses several approaches to sensor design that 

could significantly reduce current consumption; however, 

studies will be needed to determine if these changes will 

compromise sensing capabilities. 

3. Conblned Electrocheiiical and Solid-State Sensors. The 

most certain approach for development of a methane sensor 

that meets the ISMMS criteria is based on electrochemical 

sensing of partial oxidation products; the feasibility of 

this approach has been demonstrated. Measures will be 

needed to reduce power consumption by the catalyst, but 

this reduction appears to be possible. 
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LOW-POWER, LOW-CURRENT METHANE SENSORS 
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by 
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ABSTRACT 

Low-power, low-current sensors for methane, consuming 

not more than 16 mA at 8-18 V dc, are required by the Bureau 

of Mines for its Intrinsically Safe Mine Monitoring System 

(ISMMS) project. No commercially available methane sensors 

can operate within the ISMMS power and current limitations. 

This report examines the feasibility of developing methane 

sensors that can meet the ISMMS requirements. Of several novel 

approaches evaluated, the following three are reconraiended as 

the most promising: (1) direct electrochemical detection of 

methane, (2) reconfiguration of present hot-wire sensors, and 

(3) electrochemical detection using precatalyzed samples. 

1 INTRODUCTION 

As part of its Intrinsically Safe Mine Monitoring System (ISMMS) pro

ject, the Bureau of Mines (BOM) has established stringent criteria for a new 

type of methane sensor. This sensor must use an extremely low level of 

current and consume much less power than curtently available devices (see 

Table 1). 

The study described here had two objectives. The first was to explore 

methods of reducing the operating current for existing sensors without 

sacrificing any of the present benefits, such as long service lifetime, 

stability between monthly calibrations, rapid response time, and resistance to 

catalyst poisons or common types of interference. The second objective was to 

Investigate the state of the art of other detection technologies, particularly 

electrochemical technologies, to Identify devices or principles that might be 

used to develop sensors that meet the BOM criteria. 

To accomplish these objectives, information available on commercial 

instruments (see Appendix) as well as the scientific, technological, and 

patent literature (see Sec. 2) were surveyed in detail. This survey 

information was evaluated (see Sec. 3) and used to develop the recommendations 

presented In Sec. 4. Several brief laboratory Investigations also were 

performed to fill gaps in the literature and to test the feasibility of some 

of the specific recommendations. 



Table 1 Methane Sensors for the Bureau of Mines ISMMS 

Sensor 

Characteristic Critical ISMMS Requirement 

Maximum power 

Sensing range 

i _£ 16 mA 
E <_ 8-18 V dc 

0-5% methane 

Accuracy between ± 0.15% at 0.5% methane in air 
monthly calibrations ± 0.2% at 1-2% methane in air 

± 0.3% at 3-4% methane in air 

Environmental 
stability 

Response time 

Specificity and 
poisoning 

Output 

Can withstand mine environment for 
at least one year 

^ 60 s to reach 90% signal, continuous 

No response to CO, CO2, or H2O vapor 
Not poisoned by silicones 
Not affected by outside accuracy 

specification 

Proportional to CH^ concentration 

From ISMMS project data. Bureau of Mines. 

Certain techniques — such as gas chromatography, mass spectrometry, 

photon spectroscopies (such as photoionlzatlon or infrared), colorimetry, and 

combination methods (wet chemistry and gas-chromatography/mass-spectrometry) 

— were excluded from consideration early in the study because the extensive 

research required to develop them would probably not allow the production of a 

sensor in the near future. Some methods were excluded because they were not 

real-time methods or could not meet the power-consumption criteria without an 

extensive (and expensive) commitment to research and development. The 

authors' judgments about the ease and cost of development and the probability 

of success were used to select the final techniques recommended for further 

consideration. 



2 LITERATURE SURVEY 

2.1 COMMERCIAL LITERATURE 

The Appendix lists companies whose product literature was surveyed. 

These companies Include manufacturers and distributors of gas monitoring 

Instruments used for Industrial hygiene, safety, process, and scientific 

purposes. Some auxiliary equipment manufacturers or distributors are also 

Included. 

The most promising methane sensors found are manufactured by Scott 

Aviation and National Mine Service Co., both of whom produce a portable, hand

held methane monitor. As far as could be determined from company literature, 

these monitors meet all of the ISMMS specifications except low power dissipa

tion. The Scott Aviation system required the lowest current: only 60-75 mA. 

While resistance to poisoning, smaller size, and improved stability 

were the stated goals of some manufacturers for product improvement, no 

indication was found in the literature of any industrial efforts to reduce 

power consumption. 

2.2 SCIENTIFIC AND PATENT LITERATURE 

A preliminary search showed that the Chemical Abetrviots computerized 

data base was suitable for Identification and retrieval of pertinent 

literature citations; the preliiEinary search recovered all but the oldest 

references already in hand. Table 2 shows the key words and combinations of 

words used to select citations; use of this search profile produced 156 

citations for the period January 1970 to August 1982, inclusive. In addition, 

a hand search of Chemiaal Ahetvaate was made for 1980 and 1981. 

Table 2 Search Profile for Solld-State 
Electrochemical Methane Sensors 

detect-
instrument 
monitor-
sens-
transducer-

combustlble 
ethane 
methane 
hydrocarbon-

cataly-
electrochem-
hot wire 
metal oxide semicond-
pyroly-
semiconductor 
solid state 



As expected, fully two-thirds of the available literature consists of 

patents. Almost all of these Involve minor modifications of existing metal-

oxide-based sensors rather than development of new technologies. Improved 

sensitivity to methane, an often-repeated objective, clearly has been a long

standing goal in the industry. 



3 APPROACHES TO DEVELOPING A LOW-POWER, LOW-CURRENT SENSOR 

3.1 ELECTROCHEMICAL CELLS WITH CATALYSTS 

Recent research at Argonne National Laboratory (ANL) has led to the 

development of a method in which methane is converted to highly electroactlve 

products through the use of heated catalysts. These products can be directed 

into electrochemical cells with air-permeable electrodes, such as those 

commonly used to monitor carbon monoxide. This method enables use of the 

constant-potential amperometry technique to detect a number of organic 

compounds that otherwise are not electrochemlcally reactive (such as benzene, 

hexane, and ethane), and it also suggests means of distinguishing between such 

compounds.* 

The catalyst is normally a noble-metal filament, similar to that used 

in a hot-wire detector. Use of this type of a catalyst might seem to negate 

the power-saving advantages of electrochemical detection. However, the 

filament does not need to operate continuously or even at a temperature high 

enough to cause complete combustion, particularly when the analyte gas concen

trations are high, as is the case with the methane encountered in mines. 

Conversion efficiencies as low as 0.01% would provide enough partial oxidation 

products to elicit a response from the highly sensitive electrochemical cells. 

The high power consumption generally associated with hot-wire detectors can be 

substantially reduced by making relatively minor changes in geometry (see Sec. 

3.3) or by operating the catalyst for brief duty cycles (see Sec. 3.6). 

The signal obtained for methane in one of our prototype sensors is 

shown in Fig. 1. Similar effects have been observed for several other 

hydrocarbons. This type of combination sensor ip still experimental. 

3.2 DIRECT ELECTROCHEMICAL OXIDATION 

The direct electrochemical oxidation of methane is an approach that 

could be used to provide a highly sensitive instrument. Normally, the 

potential required (>1.4 V relative to the reversible H2 electrode) would 

preclude the use of aqueous electrolyte sensors, since water may be oxidized 

at these potentials. Problems of this type have been encountered before and 

solved through variations of sensing-electrode catalyst, catalyst preparation, 

electrolyte composition, cell geometry, etc. Use of nonaqueous electrolytes 

— such as propylene carbonatej glycols, and solid polymers — is a 

particularly promising approach. Moreover, efficient reactions are not 

needed because of the relatively high methane levels to be detected in 

mines. Experiments at ANL indicate a concentration of about 2% methane in 

*Thl8 method and the indicated Improvement in selectivity are the subjects of 

ANL patent disclosures. 
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Fig. 1 Typical Responses of a Commercial Amperometric Electrochemical 

Sensor to 2.4% Methane in Air at 20°C, with and without a Heated 

Platinum Filament Precatalyst (Samples were passed through a 

zero filter at a flow rate of 50 cm /min. Platinum 

filament diameter is 0.001 in. Sensing electrode 

is platinum black at l.l V vs. a reference 

hydrogen electrode.) 

air can be detected with a platinum-black electrode in a novel sensor. This 

preliminary experiment is only a first step in the development of a practical 

sensor; however, the necessary research would not be extensive, and the 

potential for meeting ISMMS goals is excellent. 

3.3 RECONFIGURATION OF PRESENT HOT-WIRE SENSORS 

The Scott Aviation transducer mentioned in Sec. 2 draws 60-75 mA at 

about 6 V dc. Its total power consumption of about 0.4 W is therefore not 

much greater than the maximum ISMMS specification of 0.288 W (16 mA at 18 V 

dc). 

The Scott Aviation transducer appears to use a palladium oxide catalyst 

heated by a fine platinum filament (about 0.0005 in. in diameter) of the type 

disclosed in Ref. 4. If the platinum could be replaced by or coated on a 



metal or alloy having a higher electrical resistivity (such as titanium, 

zirconium, Kovar, or Pt-10% Nl) with the basic structure of the Scott sensor 

otherwise unaltered, the modified sensor might be made to operate at a current 

drain of not more than 16 mA at 18 V dc. Alternatively, the filament diameter 

could be reduced by a factor of 3-4 using novel manufacturing techniques, such 

as vapor deposition on a suitable substrate and either etching or electro

plating to final size. 

3.4 LOW-POWER METAL OXIDE CATALYSTS 

The existing metal-oxlde-catalyst (semiconductor) Taguchi gas sensor is 

effective only at elevated temperatures because an oxidation (combustion) 

reaction occurs between the analyte gas and the ionized oxygen that is ad

sorbed on the semiconductor surface. The depletion of the oxygen ions changes 

the chemical nature and physical structure of the surface and affects its 

electrical conductivity. Other semiconductor catalysts have been used and 

mechanisms explaining their sensing behavior have been proposed. ' 

Currently available sensors are enclosed in small thimbles of flame-

arresting screen. This design provides little resistance to convective loss 

of heat from the detector element. In principle, a sensor reconfigured to 

conserve energy would lose only the heat required to bring the sample gas to 

operating temperature. Because the specific heat of air is low — about 0.0003 

(cal/mL)/°C — a substantial volume of air can be heated with a few 

millijoules of energy (Fig. 2). With assumed arbitrary limits for power 

dissipation, the sampling flow rates are in a reasonable range. For a sensor 

operated at 500°C, which is a reasonable temperature for methane detection 

(see Fig. 3), an ideal configuration may sustain a flow rate of 3 mL/mln at 35 

mW (7 mA at 5 V ) . 

Such a device could be constructed in a tubular form, surrounded by two 

Insulating layers (Fig. 4 ) . In this configuration, most of the heat energy is 

used to heat the Incoming air sample to the catalyst temperature; the chimney 

design drives the sample through the tubular device by convection. The rate 

of convection is controlled by selecting appropriate filters. Precise temper

ature control is managed by the electronics, but the flow resistance of the 

filter stack sets an upper limit on power consumption. Response time for an 

internal volume of about 1 mL can be as short as 10 s. In a vertical orienta

tion, convection would carry the sample gas across the catalytic surface, and 

a stack of filters would limit the flow rate. If flow rates are low and the 

filter stack is operated upside down, clogging from particulates may be 

minimized. 

Specificity could be achieved if two or more sensors were stacked 

within the tube, with the upper ones operating at the higher temperatures. 

Complementary-metal-oxlde-semiconductor (CMOS) circuitry would control the 

actual input power to the device to control the temperature; high currents 



300 600 

Temperature ( C) 

Fig. 2 Flow Rates of Air Necessary to Remove 0.024 W of Power 

Dissipated as Heat with Incoming Air at 20°C 

would only be drawn during the initial heating phase. Similar high-efficiency 

tube furnaces have been constructed for other uses. However, the effects of 

the environment (temperature, pressure, 

performance of this design are not known. 

and relative humidity) on the 

Although it is only hypothetical, this rationale suggests that, with 

relatively minor modification, Taguchi gas sensors could be made to approach 

ISMMS specifications. However, other problems encountered with this sensor, 

such as poisoning, do not appear to be as easy to solve. 

3.5 OTHER SOLID-STATE APPROACHES 

Some Investigators are fabricating palladium-gate hydrogen-sensing 

devices that dissipate no more than 50-100 mW of heat. ' Modem thin-film 

and semiconductor manufacturing technology can be used to produce extremely 

small devices. Heating elements may be vapor deposited onto silicon or 

ceramic substrates and coated with catalyst or used directly as a hot-wire 

type of sensor. Problems could be encountered with this type of sensor in the 
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Fig. 3 Response Characteristics of Metal-Oxide-Catalyst (Semiconductor) 

Sensors Optimized for Carbon Monoxide (100 ppm) 

and Methane (10,000 ppm) (Source: Ref. 7) 

following areas: stability of the structures; conductivity of the substrate; 

longevity of very small, hot films; and cost. 

3.6 DUTY-CYCLE APPROACHES 

In principle, some sensors that satisfy all of the ISMMS criteria 

except low power consumption can be brought within the specified limits for 

power consumption by reducing the duty cycle. The limitations to this ap

proach are as follows: 

• The heat capacity of the heated element must be very small 

in order to bring the element to a constant temperature 

reliably and accurately and to provide a rapid cooling 

rate. 

• The required power must be stored so that the instantaneous 

drain on an external power supply is never greater than 16 

mA. About 1000 pF of capacitance is needed to store enough 
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Fig. 4 Configuration of a Hypothetical Low-Power 

Metal-Oxide-Catalyst (Semiconductor) Sensor 

power to sustain a 0.3-s pulse of 60 mA at 18 V. It 

remains to be shown that pulse durations of about 0.3 s can 

yield satisfactory accuracy and sensitivity for the mea

surements. The switching of power into the sensor at turn-

on time also must satisfy ISMMS criteria. Use of semi

conductor switching with no metal-to-metal contact should 

permit this requirement to be met. Alternatively, the 

external power supply might be designed to supply a higher 

current intermittently to each transducer, without 

exceeding a maximum total current of 16 uA per transducer. 

However, it must be ascertained that such an approach could 

be made compatible with the ISMMS requirements. 

The sensor must either be insensitive to minor shifts or 

inaccuracies in temperature or be subject to tight control 

of power dissipation. For example, hot-wire sensors with 

platinum filaments display the characteristic increase in 

resistance as they are heated; that property is used in the 

measurement of the filament temperature. The voltage and 

current (monitored electronically) can be used to compute 

the resistance with an analog divider circuit applied to a 

feedback control. At turn-on time, the initial power drain 
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would be relatively high until the filament approached 

operating temperature, at which time the applied voltage 

would be decreased automatically. This type of servo-

driven cycling would be very economical of power and would 

permit very short duty cycles. At no time would the demand 

on the external power supply need to exceed 10 mA. 

The power used by a sensor such as the Scott Aviation hot-wire device 

could be reduced as much as an order of magnitude by cycling (e.g., 0.3-s 

operation every 3 s to guarantee a fast response time). Similarly, a hot-wire 

catalyst in combination with an electrochemical cell could be operated in a 

duty-cycle mode. For this device, such a mode would be desirable because the 

cell response with and without the filament on, or with the filament at dif

ferent temperatures, would yield outputs that could be processed to gain 

selectivity. A cell current with the filament off, for example, would not be 

due to methane at the sensing electrode potentials normally used. 

3.7 OTHER METHODS 

Low-Temperature Catalysts. A small amount of literature describes 

attempts to develop catalysts that would be effective at low temperatures. 

For example, a Matsushita Electric Industrial Co. patent describes the 

preparation of a manganese dioxide catalyst with a reported effective 

temperature of 70°C for carbon monoxide and ISO^C for methane. Less 

dramatic results have heeii achieved by simple empirical screening of various 

catalysts and dopants. * 

Although it may be possible to develop sUch catalysts, it is difficult 

to imagine how they could be operated without serious contamination and 

Interference problems over long periods of time. At 150''C, the catalyst is 

unlikely to be self-cleaning and its performance would be expected to be sus

ceptible to fluctuations In relative humidity. These characteristics would 

pose problems for an effective mine-monitoring system. 

Biological Catalysts. Many bacteria can consume methane as their 

sole source of energy. The first step in the metabolism of methane is the 

addition of an oxygen atom to the substrate. Preliminary evidence shows that 

the enzyme catalyzing this step contains a porphyrin, similar to that in hemo

globin, but with nickel instead of iron in the central position. ' 

Suspensions of burst bacteria continue to oxidize methane for a long period of 

time. If the blocatalyst is that stable ir vivo, it might be possible to 

stabilize it in vitro by affixing it to a polymer matrix. This is a technique 

common in the industrial use of enzymes. It is equally likely, however, that 

these enzymes may be unstable, have short lifetimes, and be strongly 

temperature-dependent. The potential outcome of such an enzyme technique 
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would be the development of sensors that are highly specific to methane and 

operate at room temperature. As almost no information is available on the 

enzyme system, this approach is classified as a basic high-risk, high-payoff 

approach. 

Exclusion Chromatography. A suggestion for using much-simplified gas 

chromatography to analyze gases, espej^ally methane and other small 

hydrocarbons, was found in a French paper. In the device described in this 

paper, a continuous stream of sample air is passed through a short column 

containing molecular sieve. Instead of an injection of sample, a filament in 

the air stream Is briefly turned on, removing methane and producing carbon 

dioxide, water, and pyrolysis products. These products are separated in the 

column by exclusion chromatography and measured with a differential thermal 

conductivity detector. The resultant patterns of combustion products eluting 

from the coluirai are characteristic of the gas present in the air. The authors 

claim high specificity for methane, with only hydrogen interfering. 

Adaptation of such a scheme to ISMMS standards would depend on two con

ditions. First, there would have to be a source of sample air under some 

pressure (in a ventilation system, for example) because it would be difficult 

to operate a reliable pump within the 10-mA limit. (Alternatively, a source 

of vacuum would serve the same purpose, but may involve unacceptable 

distribution problems.) Second, a low-power sensor, such as an electro

chemical cell, would have to serve in place of the thermal-conductivity 

detector. 

This method could potentially be used in a portable monitor, where the 

power drain of a pump is less critical; it would, however, probably be mechan

ically complex. Involve a substantial data-processing load, and require highly 

critical components. In addition, the method is inherently discontinuous, but 

this need not result in long detection times if the cycles are short enough. 
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4 RECOMMENDATIONS AND CONCLUSIONS 

Although no methane transducer is currently available for the ISMMS 

project, such a device can probably be developed in the near future using one 

of the approaches described in this report. The recommendations listed below 

outline suggested experimental and developmental paths to accomplish the BOM 

objectives in the most timely and cost-effective manner. The recoiranended 

approaches are listed in order of priority. 

4.1 DIRECT ELECTROCHEMICAL DETECTION OF METHANE 

This approach appears to be the most feasible; preliminary ANL 

experiments suggest that adequate electrochemical signals can be obtained for 

methane. Although this approach entails some risk, the risk is not very high, 

because feasibility has been demonstrated. The potential payoff, on the other 

hand, is very great. Electrochemical cells currently in use for other vapors 

satisfy most or all of the ISMMS criteria (except methane specificity): low 

power, low current, minimal zero drift, long life, stability, and resistance 

to contamination or interference. 

The research at ANL (in a cell designed for other vapors) revealed some 

of the technical difficulties that must be addressed before such a device can 

be built. Further studies will be needed to determine the optimum combination 

of electrode catalyst and electrolyte, as well as the most appropriate poten-

tial(s) for cell operation. 

4.2 RECONFIGURATION OF PRESENT HOT-WIRE SENSORS-

Some currently available hot-wire sensors approach the BOM require

ments, but none has sufficiently low power consumption. Some companies have 

developed moderately low-power devices that draw 50-100 mA. A program 

designed specifically to address the problem of current drain should, 

therefore, be able to yield sensors drawing not more than 16 mA at 8-18 V dc. 

Several approaches have been considered. Present low-power sensors, 

such as those supplied by Scott Aviation, should be obtained and remounted in 

test jigs that minimize heat loss and maintain an acceptably high convection-

driven sample flow rate. Electronic apparatus to operate the filaments in a 

10% duty cycle should be designed; the drain on the external power supply 

would not exceed 16 mA at any time, although the filament Itself may draw more 

current from an internal capacitive circuit during heating. 

A second approach worth considering is to apply novel manufacturing 

techniques to the Scott Aviation sensor to Increase the resistance three- to 

four-fold or to reduce the filament size or do both. Small filaments may be 

vapor-deposited on suitable substrates and either etched or electroplated to 
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final size. Such filaments would have to be very uniform to avoid wire burn

out and substrate separation. However, the power dissipation allowed (^0.2-

0.3 W) would not approach the limits of technology for modern microstructure 

fabrication. 

4.3 COMBINED ELECTROCHEMICAL AND SOLID-STATE SENSORS 

A final approach recommended for the development of an instrument with 

the potential to meet ISMMS criteria is the combination of hot-wire and hot-

catalyst pyrolysis with electrochemical detection. Methane in contact with a 

hot catalyst wire is converted partially to carbon monoxide and formaldehyde, 

which are further oxidized and detected at the cell electrode. For these 

purposes, the filaments need not be large, operated continuously, or 

particularly hot. This method has been developed recently and is not yet in 

regular use, but its feasibility has been demonstrated in extensive ANL 

laboratory studies. 
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Acme Engineering Prod., Inc. 
Trimex Ind. Bldg. 
Route 11 
Mooters, NY 12958 
(518) 236-5659 Telex: 055-60546 

Airco Industrial Gases 
575 Mountain Ave. 
Murray Hill, NJ 079 74 
(201) 464-8100 

American Bristol Industries, Inc. 
1600 W. 240th St. 
Harbor City, CA 90710 
(273) 534-5981 

American Gas i Chemical Co. 
220 Pegasus Ave. 
Northvale, NJ 07647 
(201) 76 7-7300 

Ltd. 

Astra S c i e n t i f i c I n t e r n a t i o n a l , Inc . 
P.O. Box 2004 
Santa Clara, CA 95051 
(408) 244-3040 Telex: 348399 

Astro Resources Corp. 
P.O. Box 58159 
Houston, TX 77058 
(733) 332-2484 

Bacharach Instrument Co. 
301 Alpha Dr. 
Pittsburgh, PA 15238 
(412) 782-3500 

Bailey Controls 
Monadnock Bldg., Room 634 
53 W. Jackson Blvd. 
Chicago, IL 60604 
(312) 427-4892 

Ametek 
Thermox Instruments Division 
6592 Hamilton Ave. 
Pittsburgh, PA 15206 
(412) 361-710? Telex: 866712 

Anacon 
F.C. Box 416, South Bedford St. 
Burlington, MA 01803 
(61?) 272-9002 Telex: 957 733 

Analytical Instrument Development, 
Inc. 

Route 41 & Newark Rd. 
Avondale, PA 19 311 
(215) 268-3181 Telex: 835441 

Analytical Luminescence Laboratory 
31125 Via Collnas - Suite 905 
Westlake Village, CA 91361 
(273; 991-4775 Telex: 757545 

Balrd Corp. 
125 Middlesex Turnpike 
Bedford, MA 01730 
(617) 276-5720 Telex: 923491 

Barnes Ana ly t i ca l 
652 Glenbrook Rd. 
Stamford, CT 069 06 
(800) 243-9186 

Barr inger Research 
304 Carlingview Dr. 
Metropol i tan Toronto 
Rexdale, Ontar io , Canada M9W 5G2 
(476) 675-3870 Telex: 06-989183 

Barton ITT 
P.O. Box 1882 
9 00 S. Turnbull Canyon Rd. 
City of Indus t ry , CA 91749 
(273) 961-2547 Telex: 677475 

Anarad, I n c . 
P.O. Box 3160 
Santa Barbara , CA 
(805) 963-6583 

93105 

Baseline Industries, Inc. 
P.O. Box 649 
Lyons, CO 80540 
(303) 823-6661 

Anderson Samplers, Inc. 
4215 Wendell Dr. 
Atlanta, GA 30336 
(404) 691-1910 Telex: 542523 

Beckman Ins t ruments , I n c . 
Process Instruments Dlv. 
2500 Harbor Blvd. 
F u l l e r t o n , CA 92634 
(724) 871-4848 Telex: 0678413 
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Bendix Corp. 
Environmental & Process 

Instruments Dlv. 
12345 Starkey Rd. 
Largo, FL 33543 
(813) 536-6523 

Berkeley Controls, Inc. 
P.O. Box 277 
2825 Laguna Canyon Rd. 
Laguna Beach, CA 92552 
(724) 494-9401 

Bi-M Instrument Co., Inc. 
P.O. Box 42283 
Houston, TX 77042 
(723) 781-1475 

Bioanalytical Systems, Inc. 
P.O. Box 2206 
Purdue Industrial Research Park 
West Lafayette, IN 47906 
(31?) 463-2505 

BioMarine Industries, Inc. 
45 Great Valley Corporate Center 
Malvern, PA 19 355 
(22 5) 64 7-7200 

C. A. Briggs Co. 
P.O. Box 151 
Glenside, PA 19038 
(225) 885-2244 

California Measurements, Inc. 
150 East Montecito Ave. 
Sierra Madre, CA 91024 
(223) 355-3362 

Capital Controls Co. 
P.O. Box 211 
Colmar, PA 18915 
(800) 523-2553 

Carle Instruments, Inc. 
1200 Knollwood Circle 
Anaheim, CA 9 2801 
(322) 239-2222 (Midwest) 

Catalyst Research Corp. 
1421 Clarkview Rd. 
Baltimore, MD 21209 
(302) 296-7000 

Cavitron Corp. 
270 East Palais Rd. 
Anaheim, CA 92805 
(724) 776-1811 & (800) 854-3894 

CEA Instruments, Inc. 

15 Charles St. 
Westwood, NJ 07675 
(202) 664-2300 

Chemical Data Systems, Inc. 
Oxford, PA 19 363 
(215) 932-3636 

Chemtrix, Inc. 
163 S.W. Freeman Ave. 
Hillsboro, OR 97123 
(503) 648-0762 

Chestec, Inc. 
P.O. Box 10362 
Santa Anna, CA 9 2711 
(724) 730-9405 

Chromatix 
P.O. Box 11979 
Milwaukee, Wl 53211 
(800) 323-6556 

Columbia Scientific Industries Corp. 
P.O. Box 9908 
11950 Jo l lyv i l l e Rd. 
Austin, TX 78766 
(800) 531-5003 

Continental Laboratories, Inc. 
7700 T.E. I l i f f Ave. 
Denver, CO 80231 

(303) 751-0101 

Control Instruments Corp. 
25 Law Dr. 
Fairfield, NJ 07006 

(201) 575-9114 

Daco Products, Inc. 
12 South Mountain Ave. 
Montclair, NJ 07042 
(202) 744-2453 

Dasibl Environmental Corp. 
616 E. Colorado St. 
Glendale, CA 91205 
(22 3) 24 7-7601 
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D a t a t e s t , I n c . 
1410 Elkins Ave. 
Levi t town, PA 19057 
(225) 943-0668 

Davis Instrument Manufacturing Co. 
513 E. 36th St. 
Baltimore, MD 21218 
(302) 243-4301 

Del Mar Scientific Inc. 
P.O. Box 486 
Addison, TX 75001 
(224) 661-5160 

Delphian Corp. 
473 Macara Ave., Suite 704 
Sunnyvale, CA 94086 
(408) 732-7730 

Delta Scientific 

P.O. Box 2593 
Glen Ellyn, IL 60137 
(312) 858-0460 

Devco Engineering, Inc. 
36 Pier Lane West 
Fairfield, NJ 07006 
(201) 228-0321 

Dexter Research Center 
7300 Huron River Drive 
Dexter, MI 48130 
(323) 426-3921 

Harry W. Dieter Co. 
9330 Roselawn Ave. 
Detroit, MI 48204 

(313) 933-9790 

Dlonex Corp. 
755 Route 83 
Bensenv i l l e , IL 60106 
(322) 860-1030 

Dragerwerk 
Postfach 1339 
D-2400 Lubeck 1 GERMANY 
(0451)882-1(882-0) 

DuPont Co. 
Analytical Instruments Dlv. 
Concord Plaza - McKean Building 
Wilmington, DE 19898 

(302) 772-5500 

Dutom Medltech, Ltd. 
4 Gordon St., Luton 
Bedfordshire LUl 2RP 
ENGLAND 
(0582) 412354 

Dynamation, Inc. 
168 Enterprise Dr. 
Ann Arbor, MI 48103 
(323) 769-0573 

Dynatron, Inc. 
Barnes Industrial Park 
P.O. Box 745 
Wallingford, CT 0649 2 
(203) 265-7121 

Eastman Kodak Co. 
Rochester, NY 14650 
(726) 724-4000 

EG&G Electro-Optics 
35 Congress St. 
Salem, MA 01970 
(62 7) 745-3200 

Eirtech.Instruments, Inc. 
1460 Ridge Rd. E. 
Rochester, NY 14621 
(726) 266-9003 

Elan Engineering Corp. 
P.O. Box 486 
Hinsdale, IL 60521 
(322) 986-1018 

Electronic Automation, Inc. 
732 Crofton St. S.E. 
Grand Rapids, MI 49 507 
(616) 949-0779 

Element Analysis Corp. 
P.O. Box 2235 
1696 Capital Circle, S.W. 
Tallahassee, FL 32304 
(904) 575-9272 
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Energetics Science (Ecolyzer) 
6 Skyline Dr. 
Hawthorne, NY 10532 
(924) 592-3010 

Extech I n t e r n a t i o n a l Corp. 
114 S ta te S t . 
Boston, MA 02109 
(62 7) 22 7-7090 

Energy Efficiency Systems, Inc . 
1211 Stewart Avenue 
Bethpage, NY 11714 
(526) 938-6680 

Fia t ron Systems, Inc . 
6651 North Sidney P I . 
Milwaukee, WI 53209 
(424) 351-6650 

Enmet Corp. 
2308 S. I n d u s t r i a l Highway 
Ann Arbor, MI 48104 
(323) 761-12 70 

Envirochem, Inc . 
Route 89 6 
Kemblesville, PA 
(225) 255-4474 

19 347 

Environmental Data 
608 Fig Ave. 
Monrovia, CA 91016 
(223) 359-9176 

Environmental Sciences Associates 
45 Wiggins Ave. 
Bedford, MA 01730 
(62 7) 2 75-0100 

Environment/One Corp. 
P.O. Box 773 
2773 Balltown Rd. 
Schenectady, NY 12301 
(526) 346-6161 

Envirotech Corp. 
250 Marcus Blvd. 
Hauppauge, NY 11787 
(516) 273-6600 

Epco 
5 Newtown Rd. 
Danbury, CT 06810 
(203) 748-5070 

Exldyne, Inc . 
251-D Welsh Pool Rd. 
Exton, PA 19 341 
(225) 363-5450 

Foxboro Analytical 

P.O. Box 5449 
140 Water St. 
South Norwalk, CT 06856 
(203) 853-1616 

Gam Rad, Inc. 
46101 Grand River Rd. 
Novi, MI 48050 
(32 3) 348-1005 

Gas Tech, Inc . 
331 Fa l rch i ld Dr. 
Mountain View, CA 94043 
(425) 967-6794 

GC Industries 
20351 Prairie St., Unit 4 
Chatsworth, CA 91311 

(273) 701-7072 

GCA Corp. 
Technology Division 
213 Burlington Rd. 
Bedford, MA 01730 
(617) 275-5444 

Gelman Instrument Co. 
600 S. Wagner Rd. 
Ann Arbor, MI 48106 

(800) 521-1520 

General E l e c t r i c Co. 
40 Federal S t . 
Lynn, MA 01910 
(62 7) 594-0100 

General Monitors , I n c . 
3019 Ente rp r i se S t . 
Costa Mesa, CA 92626 
(724) 540-4895 



23 

Gow-Mac Instrument Co. 
P.O. Box 32 

Bound Brook, NJ 08805 

(202) 560-0600 

Grace Industries, Inc. 
P.O. Box 167 
Transfer, PA 16154 
(422) 962-9231 

Graphic Controls 
Recording Chart Division 
P.O. Box 1271 
Buffalo, NY 14240 
(726) 853-7500 

Gubelln Industries, Inc. 
45 Kensico Dr. 
Mt. Kisco, NY 10549 
(914) 241-0130 

Hach Chemical Co. 
Box 389 
Loveland, CO 80537 
(303) 669-3050 

Heath Consultants 
P.O. Box CS-200 
100 Tosca Dr. 
Stoughton, MA 02072 
(617) 344-1400 

HEPA Corp. 
P.O. Box 5905 
Concord, CA 94524 
(800) 22 7-2012 

Hewlett Packard 
5800 Tollvlew 
Rolling Meadows, IL 60008 
(322) 255-9800 

HNU Systems, Inc. 
Delta Scientific & Envir. Associates 
P.O. Box 2593 
Glen Ellyn, IL 60137 
(322) 858-0460 

Horiba Ins t rument s , 
1021 Duryea Ave. 
I r v i n e , CA 9 2714 
(724) 540-78 74 

Inc. 

Houston Atlas, Inc. 
9441 Baythorne Dr. 
Houston, TX 77041 
(713) 462-6116 

Hydrolab Corp. 
P.O. Box 9 406 
Austin, TX 78766 
(522) 255-8841 

IBM Instruments, Inc. 
Two Continental Tower 
1701 Golf Rd. 
Rolling Meadows, IL 60008 
(32 2) 288-22 74 

Illinois Chemical Corp. 
P.O. Box E 
Highland Park, IL 60035 
(312) 433-1145 

Industrial Hygiene Specialties 
2770 East Main St. 
Columbus, OH 43209 
(624) 236-1225 

Inficon, Inc. 
6500 Fly Rd. E. 
Syracuse, NY 13057 
(325) 43 7-03 77 

Infrared Industries, Inc. 
Westerp Division, Instrumentation 

Group 
P.O. Box 9 89 
Santa Barbara, CA 93102 
(905) 684-4181 

Instrumentation Specialties Co. 
3621 N.W. 36th St. 
Lincoln, NB 68524 
(402) 470-2441 

International Ecology Systems Corp. 
4432 N. Kedzie Ave. 
Chicago, IL 60625 
(322) 267-7130 

International Sensor Technology 
17771 Fitch St. 
Irvine, CA 92714 
(724) 546-0672 
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InterScan Corp. 
21700 Nordhoff St. 
Chatsworth, CA 91311 

(223) 882-2331 

Interscience Laboratory 
4190 Manuela Ave. 
Palo Alto, CA 94306 
(425) 948-7894 

Ionics, Inc. 
65 Grove St. 
Watertown, MA 02172 
(62 7) 926-2500 

Ion Track Instruments, Inc. 
109 Terrace Hall Ave. 
Burlington, MA 01803 
(62 7) 2 72-7233 

ITT Electro Optical Products Dlv. 
Tube and Sensor Laboratory 
3700 E. Pontiac St. 
Fort Wayne, IN 46803 
(229) 423-4341 

Jerome Instrument Corp. 
P.O. Box 455 
7 S. State St. 
Concord, NH 03301 
(603) 244-7842 

Kurz Instruments, Inc. 
P.O. Box 849 
20 Village Square 
Carmel Valley, CA 9 39 24 
(408) 659-3421 

LaMotte Chemical Products Co. 
P.O. Box 329 
Chestertown, MD 21620 
(302) 778-3100 

Lazar Research Labs, Inc. 
731 S. LaBrea Ave. 
Los Angeles, CA 90036 
(273) 384-6195 

Lear Siegler, Inc. 
Environmental Technology Division 
74 Inverness Dr. E 
Englewood, CO 80110 
(303) 770-3300 

Leeds and Northrup Co. 
Sumneytown Pike 
North Wales, PA 19454 
(225) 643-2000 

Lexington Instruments Corp. 
221 Crescent St. 
Waltham, MA 02154 
(62 7) 899-1410 

J & N Enterprises, Inc. 
P.O. Box 108 
Wheeler, IN 46393 
(229) 759-1142 

Kal Enterprises, Inc. 
1776 G Street, N.W. 
Washington, DC 20006 
(202) 789-1779 

Kent Process Control 
Raritan Center 
165 Fieldcrest Ave. 
Edison, NJ 08837 
(202) 225-171 7 

KLD Associates, Inc. 

300 Broadway 
Huntington Station, NY 11746 
(516) 549-9803 

Libra Indust r ies , Inc. 
3140 Mannheim Rd. 
Franklin Park, IL 60131 
(312) 451-0605 

Lumac Systems, Inc. 
P.O. Box 2805 
Tltusville, FL 32780 
(305) 269-3892 

Lumidor Safety Products 
5364 N.W. 167th St. 
Miami, FL 33014 
(305) 625-6511 

3M Co. 
3M Center 
St. Paul, MN 55144 
(622) 731-1110 
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Macurco, Inc. 
3946 S. Mariposa St. 
Englewood, CO 80110 
(303) 781-4062 

Manning Environmental Corp. 
P.O. Box 358 
Lincroft, NJ 07738 
(202) 238-3800 

Metrosonlcs, Inc. 
P.O. Box 23075 
Rochester, NY 1469 2 
(72 6) 334-7300 

Microelectrodes, Inc. 
Oak Hill Park 
Londonderry, NH 03053 
(603) 668-0692 

Marsh-McBlrney, Inc. 
59 Grasso Plaza, Suite 110 
St. Louis, MO 63123 
(324) 631-5855 

Martek Instruments, Inc. 
P.O. Box 16487 
17302 Daimler St. 
Irvine, CA 92713 
(724) 540-4435 

Mast Development Co. 
Air Monitoring Dlv. 
2212 E. 12th St. 
Davenport, IA 52803 
(329) 326-0141 

Matheson 
Manhattan Rd. & Richards S t . 
J o l i e t , IL 60434 
(625) 727-4848 

MDA Scientific, Inc. 
1815 Elmdale Ave. 
Glenview, IL 60025 
(322) 998-1600 

Meloy Laboratories, Inc. 
6715 Electronic Dr. 
Springfield, VA 22151 
(703) 354-2600 

Met One, Inc. 
P.O. Box 1937 
Grants Pass, OR 
(503) 479-1248 

91blb 

Metronlcs (SERCO, Inc.) 
P.O. Box 511 
Deerfleld, IL 60015 
(322) 945-8180 

Mine Safety Appliances Co. 
600 Penn Center Blvd. 
Pittsburgh, PA 15235 
Chicago office: (312) 439-7474 

Minitek, Inc. 
Olson Eng. & Sales Corp. 
120 E. Burlington Ave. 
LaGrange, IL 60525 
(322) 482-3300 

Molecular Controls Ltd. 
30 Park Cross St. 
Leeds LSI 2QH, Yorkshire, ENGLAND 
Monarch International 
(U.S. Distributor) 
Columbia Dr. 
Amherst, NH 03031 

(603) 883-3390 

Monitor Labs, Inc. 
10180 Scripps Ranch Blvd. 
San Diego, CA 92131 
(724) 5 78-5060 

Murphy and Dickey, Inc. 
10001 Derby Lane 
Westchester, IL 60153 
(312) 344-5660 

National Draeger, Inc. 
Parkway View Dr. 
Pittsburgh, PA 15205 
(422) 787-1131 

National Mine Service Co. 
355 N. Old Steubenville Pike 
Oakdale, PA 15071 
(422) 788-4353 
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Neotronics of North America 
P.O. Box 129 
Jef fe rson , GA 30549 
(424) 367-5124 

L.G. Nester Co. 
P.O. Box 666 
Buck and Sassafras S t s . 
M i l l v i l l e , NJ 08332 
(609) 825-0254 

Neutronics, Inc . 
450 Drew Ct. 
King of P russ ia , PA 19406 
(225) 275-3800 

Nicolet Instrument Corp. 
5225 Verona Rd. 
Madison, WI 53711 
(608) 2 71-3333 

Normax Publications, Inc. 
P.O. Box 11508 
Pittsburgh, PA 15238 
(422) 963-9100 

Orbisphere Laboratories 
287 Lackawanna Ave. 
West Paterson, NJ 07424 
(202) 785-8280 

Orion Research 
840 Memorial Dr. 
Cambridge, MA 02139 
(800) 225-1480 

Ozone Research & Equipment Corp. 
3840 N. 40th Ave. 
Phoenix, AZ 85019 
(602) 272-2681 

Panametrics 
221 Crescent St. 
Waltham, MA 02254 
(62 7) 899-2 719 

Petra Environmental Monitoring 
VG Gas Analysis Limited 
Nat Lane 
Winsford, Cheshire CW7 3QH ENGLAND 
Winsford (06065) 52021 

Photovac, Inc. 
134 Doncaster Ave., 
Thornhill, Ontario, 
(426) 881-8225 

Unit 2 
Canada L3T 1L3 

Pixe International Corp. 
P.O. Box 2235 
Tallahassee, FL 32304 
(904) 575-4946 

Polaron Instruments, Inc. 
1202 Bethlehem Pike 
Line Lexington, PA 189 32 
(22 5) 822-3364 

Princeton Sensors, Inc. 
Research Park UOl-B 
Princeton, NJ 08540 
(609) 921-0330 

Products Production Marketing, Inc. 
15602 Hempstead Hwy. 
Houston, TX 77040 
(723) 466-3540 

Pyrotronlcs 
Cedar Knolls, NJ 079 27 

(202) 267-1300 

Radiometer-Copenhagen 
811 Sharon Dr. 
Cleveland, OH 44145 
(226) 871-8900 

Raeco, Inc. 

550 Armory Dr. 
South Holland, IL 60473 
(322) 331-6001 

Ranarex Instrument 
E49 Midland Ave. 
Paramus, NJ 07652 
(207) 967-6000 

Research Appliance Co. 
Moose Lodge Rd. 
Cambridge, MD 21613 
(302) 228-9505 

Rexnord Gas Detection Products 
P.O. Box 62137 
207 E. Java Dr. 
Sunnyvale, CA 9 4068 
(408) 734-1221 
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Rolflte Co. 
300 Broad St. 
Stamford, CT 06901 
(203) 32 7-3151 

Scientific Instruments Corp. 
25 Broadway 
Pleasantvllle, NY 10570 

(924) 76 7-5 700 

Scott Aviation 
225 Erie St. 
Lancaster, NY 14086 
(72 6) 683-5100 

Siemens Corp. 
2000 Nuclear Dr. 

Des Plalnes, IL 60018 
(800) 323-6015 

Sie r r a Monitor Corp. 
1031D E. Duane Ave. 
Sunnyvale, CA 94086 
(408) 746-0188 

Slpin Co. , Inc . 
505 Eighth Ave. 
New York, NY 10018 
(222) 695-5706 

Scott Spec ia l ty Gases 
Route 611 
P lums teadv i l l e , PA 18949 
(22 5) 766-8861 

Securus, Inc. 
10385 Los Alamitos Blvd. 
Los Alamitos, CA 90720 
(223) 493-1426 

Seiger Gasalarm Dlv. 
P.O. Box 45146 
4148 S. 70th E Ave. 
Tulsa, OK 74145 

(928) 663-4180 

(Condit) 

SKC, Inc . 
R.D. 1 
39 5 Valley View Rd. 
Eighty Four, PA 15330 
(422) 941-9 701 

Spectrex Corp. 
359 4 Haven Ave. 
Redwood Ci ty , CA 
(425) 365-6567 

94063 

Spiral System Instruments, Inc. 
4853 Cordell Ave., Suite A-10 
Bethesda, MD 20014 
(301) 657-1620 

Sensorex Electrodes 
9 713 Bolsa Ave. 
Westminster, CA 92683 
(724) 554-7090 

Sybron/Brinkman 
Cantiague Rd. 
Westbury, NY 11590 
(526) 334-7500 

Sensors, Inc. 
P.O. Box 1383 
3908 Varsity Dr. 
Ann Arbor, MI 48106 
(313) 973-1400 

Sentex Sensing Technology, Inc. 
339 Broad Ave. 
Ridgefield, NJ 07657 
(202) 945-3694 

Serco, Inc. 
P.O. Box 511 
Deerfleld, IL 60015 
(322) 945-8180 

Systems, Science and Software 
P.O. Box 1620 
La Jolla, CA 92038-1620 
(724) 453-0060 

TBI Instruments 
2175 Lockheed Way 
Carson City, NV 89 701 
(702) 883-4366 

Technicon Industrial Systems 
511 Benedict Ave. 
Tarry town, NY 10591 
(924) 631-8000 
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Teledyne Analytical Instruments 
P.O. Box 70 
333 West Mission Dr. 
San Gabr ie l , CA 91776 
(223) 2S3-72S2 

Texas Analytical Controls, Inc. 
P.O. Box 42520 
Houston, TX 77042 
(723) 491-4160 

Thermometries 
808 U.S. Highway #1 
Edison, NJ 08817 
(202) 28 7-28 70 

Thermo Electron Corp. 
Environmental Instruments Dlv. 
85 First Ave. 
Waltham, MA 02154 
(62 7) 890-8700 

Tracor Instruments 
1842 Brummel Dr. 
Elk Grove Vllage, IL 60007 
(372) 364-9494 

Tricomp Sensors, Inc. 
2368D Walsh Ave. 
Santa Clara, CA 95051 
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